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SOME FUNDAMENTAL CONSIDERATIONS IN REGARD TO
THE USE OF POWER IN LANDING AN AIRPLANE

By Walter S. Diehl

SUMHMARY

This note 1lg concernsd with the effect of power on
landing speed and apparent maximum 1ift coefficient. It
is shown that when secondary effects are neglected, the
maxinum available increase in 1ift due to power is equal
to the thrust being developed. IFf the increase in 1if%
due to power is expressed in cocefficient form, very hilgh
values may be shown under conditions which, on analysis,
are found to be wholly impracticadblie in flight

INTRODUCTION

It is an obvious and a wellwknown fact that the "land-

ing speed"” of an airplane depends on the amount of power
being used and that the landing speed with power is lower
than the stalling speed in a glide without power. There
is no simple method of precise analysls that enables the
calculation of the exact landing speed for any given air-
plane, but it is possible to obtein a very close approxi-
mation from consideration of the fundamental gquantilties
involved.

In view of the current interest 1n the effect of
power on landing speed, it has seemed desirable to indi-
cate in a general way %the factors involved and the physi-
cal 1limits to increasing 1lift bv means of slipstream ef-
fects.

MOMENTUM REACTION

The product of mass by velocity, or MV, is known
as momentum, Newton's Second Law of Motion states tnat
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the measure of a force is, the rate of change in the momen-
tum 1t produccs. In the usual gymbolic form, the second
law ig .

F=M(V, -7V, )/t (1)
When the motion stafts from regt V, = O, so that
Ft=UT _ (2)

Newton's Third Law of Motion states that action and
reaction are equal and opposite. When a projectile is
fhred from s gun, the force actinz on the projectile is
accompanled .by an equal and opposite forece, or reaction,
acting on the zun,

Wing 1ift and propeller thrust are reactions obtalned
by imparting momentum to the air. The airplane wing de-
rives its 1ift by imparting downward momentum to the air
upon which it acts. Lift and vertical momentum imparted
in unit time musgt be equal and opposite in ‘steady horlzon-
tal flizht. Lift ecan be increased only by increasing the
downward momentum. This means increasing the mass of air
acted on, increasing the downward velocity, or inerocaslng
the product of tho two. The mags of air Infiluenccd by the .
wing ig very zreat, oven under normal conditlions., As
ghown in reforence 1, the disturbance or downwash is per-
ceptiblo about 20 chord lengths below the wing.

Thruet is obtained from the axial momenitum impartoed
by the propellor to the slipstream. In an airplane, the
glipstream congtlitutes an increment in momentum that may
be employed to augment the normal wing lift. However, the {
actual increage in 1ift so obtalned can never be greater
than the thrust. 4n apparent additional increaso can, of
course, Ve obtained in an airplape.hoving noor wing-rogafb )?
fillets or nacella fairings that cauge.an garly nreakdown /.7
in khe.ain flow in the absonce of-the.slipstream. Thi ———
condition is not presenf .-good desiegn and it may.le
noglected I tThis digcuggion. - ' R '

It must be emphasized that the forezoing analysis has
been concorned with 1ift and thrust as forecs - not as
coefficients. It is possible to make uso of cooificlonts
under conditions to be indicated later.
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For equilibrium in horigzontael flight, the

on the wings Ly, plus the 1ift due to thrust

be equal to the weight W, or
Iy + Lo = W
The 1ift on the winge is given by
Ly = O, q S

where g = % p V2 and S is the wing area.
to thrust is some funetion of the thrust T,

Lp = £(T) = K T
Combining these equationg,
GL a S =W - X T

from which, at Oy , ‘+the landing speed Vy

The landing speed with vower is glven rel

stalling speed without power by

Vi-_ /¥ - XT _ /bzz’
Vs ¥ W

In the analysis of the wreceding section,

normal 1lift
Lp, must

(3)

(4)

The 1ift due
or )

(5)

(6)

is R
Rl

ative to the

it was con-—

cluded that the 1ift due to thrust could never sexceed the ?
thrust except for the effect of the guppressed burble in

the case of an initially defective wing fairing. K is :--;

numericelly equal to the ratio of the increased 1lift to

the thrust and therefore should normally be less than uni-

ty and rarely greater than unity.

Thig may be demonstrated by flight tests.

Congider

the data given in the table on page 8 of reference 2.

The 3zross welght is stated on page 15 to be 1,

550 pounds. B
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With fleps up the stalling speed was reduced from 46.8
miles per hour to 41.3 miles per hour by the use of Bower.
From figure 11 of the same report, the power avallable at
41 miles peor hour is +.hp, = 40, from which

Hence the calculated landing speed with power, with K =
1.0 in equation (8), is

-

366 _ .
= - — e e . . . h .
Vi = 46.8 X 1 = wp22 =40.9 m.D

which is very close to the observed value of 41.,3. The in-
dicated value ¢of X -ig 0,94 in thils case.

For the same airvylane with flaps down, tho usoc of
power rcduced the stalling specd from 41.73 miles mor hour
to 35.2 miles per hour. From figure 11 of refercnce 2, at
358 miles per hour, t.hp. = 837, Jence, the thrust was

375 x 37

T = 35

]

397 1b.

With X = 1,0 in equation (8), tho calculated landing
speed with power would be . } : - -

which is also in wvery close agreement with the observed
value of 35.2 miles per hour. In this case the indicated
value of XK disg 1.086. . S '

TEE EFFECT OF SLIPSTREAM ON APPARENT .

HAXIMUM LIFT COEFFICIENT

Since stallling speed varies inversely as  / CLmax' an
equivalent CLm L Tay be obtained for the landing speed,
a

V1, using equation (8). Denoting the coefficient with
power by GLP'

o
i
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Crn .
= ——BaX_ S (9)

If the lift due to thrust 1s 0.5W, then Of = 20y .
' - o - P ma.x
If XT = W, +then GLé = o and the-airplane can malntain

a vertical, hove;ing attituds.

It may be clearer to start from equation (3) written
in a slightly modified form

LP = LW + LT (Sa)

This equation simply stetes that the tdtal 1lift with power
equals the normal wing 1lift plus the increment due to the

.slipstream. If equation (3a) is.divided through by ¢S

Lp Ly Lp ’ .
—_— = e 3 —= . R . (X
as qS qs ( 9)~

All terms are 1ift coefficients and at Cg

max
¢, = C + AC 11)
Lp Iy Lp
whers a
- LT .
_ 801y = 38 - (12) )

ACLp may have very high values when the product qS is

small. Reducing @S does not affect GLmax but it does

increase both ACLP and CLP.

This may be shown by assuming values of Lp/S and
calculating AGLP as a functlion .of the dynamic pressure

4. Figure 1 indicates the type of the variation obtailned.
GENERAL DISCUSSION -

Since the actual 1ift incréase due to power can never
be greater than the thrust beinz developed, it follows
that the total wing area in the slipstream is a secondary
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factor in the production of thigmiiiﬁ, There 1s some de-
rendence, however, of the aiglé for maximum 1ift on tho

relative intensity of the wing circulation (or downwash)

and the slipstream. If any increage in 11ft is obtaimed . .
from multiple propellers of the same total powor, 1t mupt .
be due to the gresmtar thrust boinz developed and not- to_ -
tho additional wing areca in_ the glipstroan.

—

A cgsual ingpection of figure 1 might give the im-

pression that enormous increases in GLmax can be ob-

tained by the use of power. A careful study will shovw, p
however, that there is a fairly definite practical limit
dictated by the thrust avallable. PFigure 2 gives ACLP

in terms of T/b.hp. and .W/b.hp. The curves in this
figure are obtained from equation (9) by assuming X = 1.0
and taking T/W = (T/b.hp.)/(¥/b.hp.), with Cp . = 2.00.

A normal valus of * T/b.hp. in the landing condition will
rarely oxceed 4.0, even if full power is used. It should
also be noted that the handling properties of the alrplane
may restrict the amount of power that can be used 1in land-~
ing and, in partiecular, the power cannot be greater than
that required in horizontal £flight. In gensral, this last
restriction operates very effectively %to limit the percent-
age of power that can be used on an airplane having a low
power loading. Oonsequently, large lIncrcases in chax

are theorstically possible but highly impracticable. _.
CORCLUSIONS

1. The sctual increaso in 1ift due to the usge of
power can never be greater than the thrust belng developed.
(except for alrplanes having defective wing fairing, )

2. Flight tests indicate that the value of- X in
equations (5) and (8).is substantially unity, honce the o
momentum in the slipsgtream is completely absorbod in fthe
downwash or wing momentum. . : —

*. The landing speed with power may be calculated
from the stalling speed without power by the use of equa-'
tion (8), when the avallable or permissible thrust is
known. ' '
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4. It is impossible %0 use in landing any more power
.. than that required for horizontal flight at the landing
speed since otherwise the airplane would climb.

S - S
Bureau of Aeronautics, Navy Department, :
Washington, D. C., March 2, 1939, . L
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